Materials and Methods

134
To investigate the controls on HCBW, stations recorded river discharge, conductivity, suspended 135 sediment concentrations, and meteorology. In the lake, CTDs (Conductivity,
136
Temperature/Turbidity, Depth recorders) were used to obtain water column profiles and also 137 moored in the deepest portion of the lake within HCBW to record continuous near-bottom 138 conditions ( Fig. 1 ). An acoustic Doppler current profiler (ADCP) was also moored in the same 
Hydrometeorology
142
The hydrometric station is located 0.2 km from the West Lake inlet on the main river channel with a Global Water WQ301F sensor (accuracy ±1% up to 500 µS/cm) and an Onset H22
146
Logger at 10 minute intervals.
147
An ISCO 3700C automatic pump sampler obtained 500 mL samples of river water every three 148 hours. Water samples were volumetrically filtered through pre-weighed 1.0 µm glass fibre filters,
149
which were freeze dried and reweighed to determine suspended sediment concentration (SSC).
150
Sediment fluxes (suspended sediment discharge, SSQ) were calculated from SSC and river 151 discharge.
152
Calculation of salinity for low conductivity lake water is problematic (Boehrer and Schultze analysed with cross wavelet transforms, and wavelet coherence (Grinsted et al. 2004; Torrence 195 and Compo 1998).
196
A Kemmerer sampler was used to obtain 500 mL lake water samples for determination of lake
197
water SSC in 2009. Lake instrumentation was typically removed in mid-to-late July when the ice 198 cover became unsafe for travel. 
Hydrometeorology
207
The length of the hydrologic monitoring period typically exceeded the length of the limnologic 208 monitoring period due to deteriorating ice cover ( 
Limnology
229
In the early snowmelt season, water column temperatures are cold near 0°C under the ice cover
230
and warm slightly at the lake bottom (Fig. 4A) . HCBW are present in the deepest 1. water density relative to lake water density.
262
In 2009, the freshet was relatively muted due to sustained cool air temperatures and limited substantially to river water density (Fig. 3F ). However, after the freshet, SSC was low ( Fig. 3D ),
266
and variability in river water density was controlled more by dissolved solids and water 
273
Temperatures in West Lake bottom waters contribute up to about 0.07 g/L of density variability.
274
The elevated conductivity in HCBW also contribute to density, adding up to about 0.03 g/L 275 compared to overlying water. 
Discussion
278
Processes capable of generating currents that could remove HCBW in ice-covered lakes include 279 wind-generated oscillations of the ice cover, heat transfer from bottom sediments to water,
280
convective currents generated by solar radiation penetrating through ice to lake water, and 281 hyperpycnal flows generated by high SSC in rivers (Malm et al. 1998 
325
Similarly, in 2010, HCBW largely persisted throughout the monitoring period (Fig 3F) . River 326 water density exceeded HCBW density during freshet. However, after freshet, river water 327 density was consistently less than HCBW density, which promoted HCBW persistence 328 throughout the summer.
329
In both 2009 and 2010, river water density did exceed lake water density at times of peak river 
379
Water temperature will likely increase in the future, both in rivers and in lakes (AMAP 2011). (Fig. 7) . This is likely an overestimate since ground 385 ice melt and increased baseflow will likely moderate river water temperatures (Bolduc 2015).
386
The lake is unlikely to warm by a similar amount due to thermal inertia of the lake and isolation 387 of the lake from the atmosphere by persistent ice cover. Even if the lake does warm significantly,
388
the current water temperature range is such that the rate of change of density with temperature is 389 small (Fig. 7) . Therefore, river water will become increasingly less dense with climate warming, 
Water conductivity
394
River water conductivity may increase in the future as a result of permafrost degradation and 
399
Therefore, contributions to density from conductivity are likely to be small compared to thermal 400 contributions. Also, increases in river water density from river solutes will at least be partially
401
offset by an increase in density from solutes in the lake.
403
Suspended sediment concentration (SSC)
404
According to our four-year study, SSC was the most important control on river water density 405 (Fig. 7) . Empirical modelling of sediment yields in West River under two climate change 406 scenarios predicted that sediment yields would increase by 100 to 600% by the end of the warmer climate, the removal of HCBW is expected to be more frequent because of the increasing 419 probability of hyperpycnal flows occurring in the lake. 
Implications and conclusions
423
At West Lake, near-bottom currents are caused by hyperpycnal flows generated by river inflow.
424
Sustained lake hyperpycnal flows replace hypoxic HCBW with lower conductivity, oxic water.
425
Results indicate that removal of HCBW occurs after freshet, when fluvial SSC is elevated.
426
HCBW persisted in years when river SSC was low.
427
The importance of changing bottom oxygen conditions for aquatic and biogeochemical processes 
443
SSC is currently the dominant control on water density, and can control the balance between 444 river water density and lake water density. In the future, likely changes in water conductivity, 445 temperature, and SSC will make fluvial SSC an increasingly dominant control over this balance.
446
It is therefore likely that hyperpycnal flows will be increasingly common, and that HCBW will 
578
Upper panels are the whole water column, and lower panels are enlargements of the lower water 579 column. Lower panels show bottom water specific conductivity and average current velocity for 580 the two hours surrounding the CTD profiling. shown for density at low and high conductivity, and the A1b and A2 symbols show the potential 592 for density reductions due to warming river water. (F) Lake water density (red) relative to river water density considering temperature and salinity (grey), and temperature, salinity, and suspended sediment (black). Periods when underflows should be inhibited (river water density is less than lake water density) are shaded. The green dashed line illustrates the likely contribution to lake water density from lacustrine suspended sediment in 2009. (Fig. 1) . 'A' and 'B' are from June 21, 2010, when high conductivity bottom water were present, and 'C' and 'D' are from July 14, 2010, when bottom water conductivity was at a seasonal low. Upper panels are the whole water column, and lower panels are enlargements of the lower water column. Lower panels show bottom water specific conductivity and average current velocity for the two hours surrounding the CTD profiling. Red circles are river density (ρ(C,T)) and temperature. Dark crosses are river density including contributions from suspended sediment concentration (ρ(C,T,S)). Lines are shown for density at low and high conductivity, and the A1b and A2 symbols show the potential for density reductions due to warming river water.
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